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I. Computational Details 
Density functional theory (DFT) computations were performed by employing the projected 
augmented wave (PAW) potentials1 and the exchange-correlation functional based on the Perdew-
Burke-Ernzerhof (PBE)2 functional within the generalized gradient approximation (GGA), all 
implemented in the Vienna ab initio simulation package (VASP 5.4).3 The periodic replica of 2D 
DIPAB monolayer molecular crystal along z direction were separated by a vacuum space of > 15 
Å to avoid potential artificial interaction among periodic images. For the optimization of lattice 
and atomic position, a 6 × 6 × 1 and 6 × 6 × 6 Monkhorst-Pack k-point meshes were used for the 
Brillouin zone integration sampling of 2D monolayer and for the 3D bulk of 
diisopropylammonium bromide (DIPAB), diisopropylammonium chloride (DIPAC) and 
diisopropylammonium iodide (DIPAI) molecular crystals, respectively. A denser 9 × 9 × 1 and 9 
× 9 × 9  meshes were used for the calculation of electronic polarization of 2D and 3D systems, 
respectively.4 The initial structures of DIPAB and DIPAC were taken from the experimental 
reports.5 All structures were relaxed until the residual force component acting on each atom was 
less than 0.01 eV/Å. The convergence criteria for electronic relaxation was 10−5 eV. The energy 
cutoff for the plane-wave basis sets was set to be 400 eV. After careful comparison, we found that 
the optimized lattice parameters of bulk DIPAB crystal by using the PBE + vdW-D3 scheme6  are 
comparable to or even better than those by using the meta-GGA type SCAN functional7 + rVV108 
vdW density functional scheme,9 as the results are in good agreement (≤ 3%) with the experimental 
results (Table S1). Due to much more computationally expensive SCAN + rVV10 method, here, 
only the PBE+D3 scheme was adopted for all computations. 
It is known that the Berry-phase method can introduce the polarization indetermination quantum 
(PIQ) through multi-modulo of neR/V due to the periodic boundary condition– where e is the 
electron charge, R is a translation vector of the real-space lattice, V is the unit-cell volume and n 
is an integer. To obtain well-defined polarization, the PIQ (the n) has to be determined. In the 
present work, we determine the PIQ in the Berry-phase calculation of DIPAB molecular crystal 
by simply applying a point charge model for such an ionic system to roughly estimate the 
polarization. We carefully choose the unit cell of bulk DIPAB crystal so that the dipole moments 
will not be broken up by the cell boundaries (based on the experimental structure5a). The negative 
charge centers are assumed at the Br– ions while the positive charge centers are assumed at the 
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geometric center of two H atoms of the –[NH2]+ groups. We can estimate the polarization by using 
the equation of P = Σ q*r, where q is the charge (e for the –[NH2]+ group and –e for the Br– ion) 
and r is the position vector of each charge center. The point charge model gives us an estimated 
polarization Ps of 20.77 µC cm–2 for the bulk DIPAB molecular crystal. This benchmark test value 
can help to determine the PIQ number n in the Berry-phase calculation. The Berry-phase method 
finally gives a value of Ps of 22.1 µC cm–2, which is in good agreement with the experimental 
value of 23 µC cm–2.5a It is worth noting that the point charge model can give a reasonable 
estimation of Ps for the DIPAB molecular crystal. The difference in the computed Ps between point 
charge model and the Berry phase method can be attributed to the over-localized point charge 
model and neglected electron density distribution. Such a point charge model is also used to 
determine the PIQ number n in 2D monolayer DIPAB molecular crystal. 
 
Table S1.Calculated lattice parameters of bulk DIPAB, DIPAC and DIPAI crystals, 
based on the PBE + D3 and SCAN + rVV10 schemes, and the corresponding 





Lattice  a (Å) b (Å) c (Å) α (º) β (º) γ (º) 
DIPAB 
PBE+D3 7.55 7.79 7.62 90.00 116.54 90.00 
SCAN+rVV10 7.49 7.75 7.56 90.00 116.65 90.00 
Exp.7 7.766 8.034 7.836 90.000 116.346 90.000 
DIPAC 
PBE+D3 7.31 7.62 7.50 90.00 115.34 90.00 
Exp.8 7.674 7.945 7.766 90.000 114.950 90.000 
DIPAI 
PBE+D3 7.74 7.93 7.78 90.000 117.13 90.00 
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II. Details for Ab Initio Molecular Dynamics Simulations. 
Ab initio molecular dynamics (AIMD) simulations of 2D DIPAB monolayer molecular crystal 
were performed in the constant temperature (300 K) and pressure (0 GPa) (NPT) ensemble with 
the GGA-PBE functional and the D3 dispersion correction scheme, as implemented in the VASP 
5.4. Both the atomic and lattice degrees of freedom were allowed to relax in the AIMD simulations, 
in which the Langevin thermostat10 and the Parrinello-Rahman dynamics11 were adopted. A 3 × 3 
supercell (432 atoms) of 2D DIPAB (001) or (100) monolayer was placed on a 5√3 × 9 rectangle 
graphene substrate (180 atoms) to ensure the lattice mismatch less than 5%. The graphene substrate 
was fixed in our AIMD simulation. To achieve the thermal equilibrium, a 5 ps AIMD simulation 








Figure S1. (a) Optimized structure of paraelectric bulk DIPAB crystal. The purple plane denotes 
the mirror plane of the paraelectric phase with space group P21/m. (b), (c) and (d) show the atomic 
views of paraelectric phase of DIPAB along a, b and c axis, respectively. The white, grey, blue 






Figure S2. (a) Top and (b) side views of snapshots of the 2D DIPAB (100) monolayer after 5 ps 
of AIMD simulation (time step: 1 fs) in the NPT ensemble, where the temperature is controlled at 






Figure S3. (a) Optimized structure of ferroelectric bulk DIPAC crystal. (b), (c) and (d) show the 
atomic views of ferroelectric phase of DIPAC along a, b and c axis, respectively. The white, grey, 







Figure S4. (a) Optimized structure of ferroelectric bulk DIPAI crystal. (b), (c) and (d) show the 
atomic views of the ferroelectric phase of DIPAI along a, b and c axis, respectively. The white, 







Figure S5. Cleavage energy estimation on the mechanical peeling of DIPAC along the (001), (100) 
and (010) planes, respectively, versus the interlayer distance. The reference starting point (0 Å) 






Figure S6. Cleavage energy estimation on the mechanical peeling of DIPAI along the (001), (100) 
and (010) plane, respectively, by increasing the interlayer distances. The reference starting point 







Table S2. Calculated lattice parameters and spontaneous polarization 
(Ps) of 2D DIPAC (001) and (100) monolayers, respectively. 









Figure S7. Computed electronic structure of 3D bulk DIPAB molecular crystal. The Fermi level 







Figure S8. Computed electronic structure of 2D (001) monolayer DIPAB molecular crystal. The 
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